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1

METHODS AND SYSTEMS FOR
DYNAMICALLY CONTROLLING
DISCHARGE RATIO OF A PLURALITY OF
BATTERIES PACKS

TECHNICAL FIELD

The present disclosure relates to power management in
clectronic devices, and more particularly, to controlling
relative discharge of at least two battery packs configured to
provide power to one or more components of an electronic
device.

BACKGROUND

Rechargeable battery packs, e.g. Lithium-Ion battery
packs are commonly used to power different types of
devices, including personal electronic devices (e.g. laptops,
notebook computers, mobile phones and others), seat
devices on transportation vehicles (e.g. smart monitors inter-
facing with in-thght entertainment systems), and other
device types. Standard ofl-the shell battery packs are typi-
cally available from different companies. The standard bat-
tery packs come in different specifications and geometries
(e.g. prismatic, cylindrical and other shapes). The standard
battery pack specifications specily a battery capacity (e.g. in
Watts-hour), a nominal voltage, a nominal capacity (e.g. 1n
milli-amp hours), mitial impedance, a maximum charge
current, a maximum charge voltage a maximum discharge,
life expectancy at a certain temperature, and a charge/
discharge ratio.

To design a power management system for a device, a
designer typically looks at the total power requirements and
then attempts to match the requirements with standard
battery packs. I a standard battery pack 1s available, then
one 1s able to use the standard battery pack. In some
instances, the power requirements are not met by standard
battery packs and instead a custom battery pack 1s designed.
One reason why a custom battery pack 1s used 1s because
conventional state of the art techmiques are not able to
ciliciently manage a discharge ratio of multiple battery packs
to meet the power requirements. The custom battery pack
approach 1s undesirable because 1t 1s expensive and time
consuming.

Furthermore, conventional systems that use ofi-the-shelf
multiple battery packs have short comings. For example, the
multiple battery packs may have to discharge at the same
time to meet power requirements, however, the battery pack
output voltage of each battery pack has to be 1 a similar
state for simultaneous discharge. Conventional systems also
do not control the discharge ratio of the battery packs, which
may result 1n 1imbalance between the state of the charge/state
of health of the battery packs. This may result 1n uneven
battery pack decay, and hence, 1s undesirable.

Continuous eflorts are being made to develop technology
that enables the use of multiple standard battery packs to
meet power requirements for different devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features of the present disclosure will now be
described with reference to the drawings of the various
aspects disclosed herein. In the drawings, the same compo-
nents may have the same reference numerals. The illustrated
aspects are itended to illustrate, but not to limit the present
disclosure. The drawings include the following Figures:
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2

FIG. 1A shows an example of a battery management
system, according to one aspect of the present disclosure;

FIG. 1B shows an example of components of battery
blocks of the battery management system of FIG. 1A,
according to one aspect of the present disclosure;

FIG. 1C shows an example of diflerent parameters that are
monitored by the battery management system, according to
one aspect of the present disclosure;

FIG. 1D shows an example of a data structure used for
determining discharge ratio, according to one aspect of the
present disclosure;

FIG. 2 shows a process flow diagram for managing
discharge ratio of at least two battery packs, according to one
aspect of the present disclosure; and

FIG. 3 shows a block diagram of a computing system,
used according to one aspect of the present disclosure.

DETAILED DESCRIPTION

2L

As a preliminary note, the terms “component”, “module”,
“system”, and the like as used herein are intended to refer to
a computer-related entity, either software-executing general
purpose processor, hardware, firmware or a combination
thereof. For example, a component may be, but 1s not limited
to being, a process running on a hardware processor, a
hardware processor, an object, an executable, a thread of
execution, a program, and/or a computer.

Computer executable components of the present disclo-
sure can be stored, for example, on non-transitory, computer/
machine readable media including, but not limited to, an
ASIC (application specific integrated circuit), CD (compact
disc), DVD (digital video disk), ROM (read only memory),
hard disk, EEPROM (electrically erasable programmable
read only memory), solid state memory device or any other
storage device, 1 accordance with the claimed subject
matter.

In one aspect, an mnovative battery management system
(BMS) with multiple battery packs 1s provided. The BMS
uses a voltage converter between system power and an
output of each battery pack. The relative discharge, 1.e. the
discharge ratio of the battery packs 1s controlled by alter-
nating the output voltage setting of the voltage converters.
The output from the voltage converters 1s controlled by a
microcontroller that momtors battery pack conditions to
determine the discharge ratio. This enables the BMS to
utilize the available capacity of multiple battery packs
without compromising system functionality and balances
the state of charge and state of health of each battery pack
to avoid uneven battery pack decay. Details of the BMS are
provided below.

BMS 100: FIG. 1A shows an example of a BMS 100,
according to one aspect of the present disclosure. BMS 100
1s configured to provide power to an “electronic device”
having a device processor 126 and other components (not
shown). As an example, the electronic device may include a
laptop computer, a notebook computer, a mobile phone, a
seat device (may also be referred to as smart monitor) on a
transportation vehicle, an electric car; or any other device
type including devices connected to a solar powered system.
When 1nstalled on an aircraft, the seat device 1s configured

to be a part of an aircrait passenger in-flight entertainment
(IFE) system, such as the Series 2000, 3000, eFX, X2,

eXW, eX3, NEXT, and/or any other IFE system developed
and provided by Panasonic Avionics Corporation (without
derogation of any trademark rights of Panasonic Avionics
Corporation) of Lake Forest, Calif., the assignee of this
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application. It 1s noteworthy that the adaptive aspects of the
present disclosure are not limited to any specific device type
or an IFE system.

In one aspect, BMS 100 may include at least two battery
blocks 102 and 104 with a plurality of components. Each
battery block includes a battery charger (e.g. 114 and 116)
that charges individual battery packs 110 and 112, respec-
tively. In one aspect, the battery packs 110 and 112 are
standard ofl-the-shelf battery packs that are commercially
available from diflerent manufacturers. The adaptive aspects
disclosed herein are not limited to any specific manufacturer
or battery pack type.

The battery pack specifications provide an operating
temperature, a storage temperature, a nominal voltage, a
nominal capacity, a maximum charge current, a maximum
charge voltage, a maximum discharge, a life expectancy,
battery dimensions, battery weight, an overcharge detection
voltage, an over discharge detection voltage, an overcharge
detection current, capacity tolerance, and an over discharge
detection current. It 1s noteworthy that the battery packs 110
and 112 may have diflerent sizes, different ages, different
power requirements, different geometries, different manu-
facturing tolerances (e.g. capacity tolerance), and different
temperature requirements. Furthermore, although only two
battery packs have been shown as an example, the various
adaptive aspects described herein can be implemented with
more than two battery packs.

In one aspect, the battery packs 110 and 112 include a
Lithium-1on cell, an internal battery management and satety
unit for under/over voltage protection, overcurrent protec-
tion, and short circuit protection. The battery packs 110 and
112 also include sensors for temperature measurement, and
a battery fuel gauge that provides each battery pack’s state
of charge (SOC) and state of health (SOH). SOC 1s the level
of charge of the battery pack relative to its total capacity.
SOH 1s represented as a percentage indicating the health of
the battery pack compared to its imtial state, when the
battery pack i1s deployed. The battery fuel gauge can predict
how much longer, under specific operating conditions, the
battery pack can continue to provide power. Technical
details of the battery pack components may vary from one
manufacturer to another as well as from one battery pack
type to another.

In one aspect, an output of battery pack 110 1s controlled
by a voltage converter 106, while an output of battery pack
112 1s controlled by voltage converter 108. The outputs from
the voltage converters 106 and 108 are used to control the
relative discharge of the battery packs (referred to as the
discharge ratio), as described below in detal.

In one aspect, BMS 100 also includes a battery micro-
controller (may be referred to as microcontroller) 120,
executing firmware instructions out of a memory device (not
shown). It 1s noteworthy that the microcontroller 120 may be
a programmable, hardware-based, general-purpose or spe-
cial-purpose microprocessor, a digital signal processor
(DSP), a programmable controller, an application specific
integrated circuits (ASIC), a programmable logic device
(PLD), or the like, or a combination of such devices.

In one aspect, the microcontroller 120 interfaces with the
device processor (may be referred to as processor) 126 of an
clectronic device (e.g. device 300, FIG. 3) via an intercon-
nect 125. Processor 126 executes programmable nstructions
out of a memory device (not shown). The executable mstruc-
tions vary based on the overall function of the processor 126
and the electronic device. Processor 126 may be a program-
mable, hardware-based, general-purpose or special-purpose
microprocessor, a digital signal processor (DSP), a program-
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mable controller, an application specific integrated circuit
(ASIC), a programmable logic device (PLD), or the like, or
a combination of such devices.

Furthermore, as an example, interconnect 125 may rep-
resent any one or more separate physical buses and/or
point-to-point connections, connected by approprate
bridges, adapters and/or controllers. The interconnect 123
may include, for example, an 12C bus, a system bus, a
Peripheral Component Interconnect (PCI) bus, a PCI-Ex-
press bus, a HyperTransport or industry standard architec-
ture (ISA) bus, a small computer system interface (SCSI)
bus, a universal serial bus (USB), or an Institute of Electrical
and Electronics Engineers (IEEE) standard 1394 bus (some-
times referred to as “Firewire”) or any other interconnect
type. The adaptive aspects described herein are not limited
to any specific mterconnect or bus type.

In one aspect, the microcontroller 120 interfaces with
battery blocks 102 and 104 via a multiplexor (Mux) 118. As
an example, Mux 118 1s configured to operate using the 12C
(Inter-Integrated Circuit) protocol. 12C 1s a serial protocol
for a two-wire interface to connect low-speed devices like
microcontrollers, A/D (analog/digital) and D/A (digital/ana-
log) converters, I/O (1input/output) interfaces and other simi-
lar peripheral devices. The adaptive aspects of the present
disclosure are not limited to the 12C or any other protocol.

To manage the discharge ratio of the battery packs 110
and 112, the microcontroller 120 has access to a data
structure 121 that stores discharge condition parameters, a
data structure 122 that stores discharge ratio for the battery
packs and a data structure 124 that stores monitored data
collected from the battery blocks 102 and 104, as described
below 1n detail. It 1s noteworthy that for convenience,
although separate data structures 121, 122 and 124 are
shown, the adaptive aspects of the present disclosure can be
implemented using a single data structure, two separate data
structures or more than three data structures.

The discharge condition parameters at data structure 121
provide an 1ndication of when the battery packs 110 and/or
112 can be discharged. The discharge conditions are typi-
cally based on battery pack specifications/data sheets, e.g.
the datasheets may indicate a discharge current at a certain
ambient temperature range. In one aspect, the microcon-
troller 120 identifies a discharge condition based on a battery
pack type.

In one aspect, the microcontroller 120 monitors various
sensors (not shown) at the battery packs 110 and 112, as well
as sensors (not shown) at the battery chargers 114 and 116.
The microcontroller 120 collects monitored sensor data from
the battery packs 106 and 108 and the battery chargers 114
and 116. The collected data 1s stored in data structure 124.
An example of data structure 124 1s shown in FIG. 1C. In
one aspect, data structure 124 stores battery pack tempera-

ture 124 A, battery pack voltage 124B, battery pack current
124C, SOC 124D, SOH 124E and time to empty the battery

pack 124F. Parameters 124A-124F are obtained from the
sensors of battery packs 110 and 112. Data structure 124 also
stores a charge current 124G, charge voltage 124H and an
input charging voltage 1241 that are obtained from battery
chargers 114 and 116.

In one aspect, the microcontroller 120 uses the monitored
data to determine a discharge ratio from data structure 122.
FIG. 1D shows an example of data structure 122 that
includes a SOH value 150, a SOC value 152, a battery
discharge voltage 154 and a battery discharge current 155
for each battery pack with a corresponding discharge ratio
156. In one aspect, the data structure 122 1s configurable and
varies based on battery pack specifications. The data struc-
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ture 122 may be pre-programmed with discharge ratios and
updated while the battery packs are being used.

Based on the discharge ratio of data structure 122, the
microcontroller 120 instructs the voltage converters 106 and
108 to adjust the output from each battery pack to balance
the discharge between battery packs 110 and 112 such that
the SOH and/or SOC of both the battery packs are equal or
within a pre-determined threshold value. As an example, 1
an output voltage of the voltage converter 106 1s higher than
an output of the voltage converter 108, then the discharge
ratio of the battery pack 110 as compared to that of the
battery pack 112 may be deemed to be higher, 1f the output
voltage of the voltage converter 106 1s lower than an output
of the voltage converter 108, then the discharge ratio of the
battery pack 110 as compared to that of the battery pack 112
may be deemed to be lower, and it the output voltage of the
voltage converter 106 1s same as the output of the voltage
converter 108, then the discharge ratio of the battery pack
110 as compared to that of the battery pack 112 1s equal. Thus
enables the microcontroller 120 to control the discharge of
cach battery pack based on current conditions regardless of
battery pack size, battery pack age, battery pack power
requirements or any other factors.

FIG. 1B shows a schematic of the BMS 100 for managing,
the discharge ratio of battery packs 110 and 112 using
voltage converters 106 and 108, according to one aspect of
the present disclosure. When the battery packs 110 and 112
are not being discharged, then system power 144 1s based on
an put voltage (V1) 128 that provides power to one or
more components of an electronmic device. The value and
type of input voltage depends on the power requirements of
the electronic device and its components. As an example, the
input voltage 128 may be 17 volts DC. A protection module
130 (e.g. a fuse circuitry) protects the various components
from voltage fluctuations. Diode 132 prevents any reverse
current, when mput voltage 128 1s used for system power
144.

Input voltage 128 1s also used to charge battery packs 110
and 112 via battery chargers 114 and 116. In one aspect, each
battery pack’s temperature 1s monitored and charging stops
when the temperature reaches a threshold value. The charg-
ing 1s controlled by the battery chargers 114 and 116 based
on providing a constant current and constant voltage to the
battery packs 110 and 112. The constant current and voltage
values will depend on the battery pack specifications. For
example, a maximum charging voltage may be 4.335V, and a
maximum charge current may be 2400 mA. In one aspect,
the battery pack charging stops when the SOC has reached
a certain level (e.g. 80%) and the ambient temperature is
higher than a threshold value.

Battery pack discharge occurs when a discharge condition
1s met, as specified 1n data structure 121. When the discharge
condition 1s met, microcontroller 120 determines a discharge
ratio for the battery packs 110 and 112 from data structure
122. The discharge ratio indicates the relative discharge rate
for battery packs 110 and 112. The microcontroller 120
sends a command to the voltage converters 106 and 108 to
adjust an output of battery packs 110 and 112 to meet the
discharge ratio. The voltage converter 106 generates an
output 138 that passes through diode 134, and voltage
converter 108 generates an output 140 that passes through
diodes 136. Output 138 and 140 are combined to provide a
joint output 142 for system power 144. The system power
144 1s provided to one or more components of a device. The
adjustment by the voltage converters 106 and 108 1is
executed to balance the SOH and/or SOC of the battery
packs 110 and 112. The battery pack discharge 1s stopped by
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the microcontroller 120, when the battery temperature
reaches a certain threshold level (e.g. between -20 to 60
degrees Centigrade). Process flow details for controlling the
discharge ratio are now provided below.

Process Flow: FIG. 2 shows a process flow 200 for
controlling discharge ratio of battery packs of BMS 100
described above with respect to FIGS. 1A-1D, according to
one aspect of the present disclosure. Process 200 begins 1n
block B202, when the battery management system 100 has
been installed and 1s operational within an electronic system/
device. The term operational as used herein means that the
battery packs 110 and 112 of FIGS. 1A/1B have been
charged and are 1n a state where they can be discharged. In
block B204, the battery chargers 114 and 116 and battery
packs 110 and 112 are monitored. Various data elements are
collected during the monitoring and stored at data structure
124 described above with respect to FIG. 1C. The data
structure 124 1s stored by the microcontroller 120 at a
storage location, e.g. a register (not shown), a memory
device or any other device type.

In block B206, the microcontroller 120 determines 1t a
discharge condition has been met. The microcontroller 120
makes this determination using data structure 121. If the
discharge condition i1s not met, the process simply loops
back where the battery blocks 102 and 104, and battery
chargers 106 and 108 continue to be monitored.

If the discharge condition 1s met, then 1n block B208, the
microcontroller evaluates a plurality of parameters of each
battery pack, including a SOH, SOC and battery discharge
voltage. In block B210, the microcontroller 120 uses these
parameters to determine a discharge ratio for the battery
packs 110 and 112 from data structure 122. In one aspect, as
described above, data structure 122 1s a configurable look-
up-table that 1s pre-programmed and varies by battery pack
type. The adaptive aspects disclosed herein are not limited to
any specific look-up table.

Based on the determined discharge ratio, in block B212,
the microcontroller 120 generates a command for voltage
converters 106 and 108 to adjust the output of battery packs
106 and 108. In one aspect, the discharge ratio 1s controlled
by alternating the output voltage setting of voltage convert-
ers 106 and 108. For example, when an output voltage at the
voltage converter 106 1s higher than the output voltage at the
voltage controller 108, then the discharge ratio of the battery
pack 110 as compared to that of the battery pack 112 1s
considered higher, when the output voltage at the voltage
converter 106 1s lower than the output of the voltage
converter 108, then the discharge ratio of the battery pack
110 as compared to that of the battery pack 112 is considered
lower, and the discharge ratio of the battery pack 110 as
compared to that of the battery pack 112 1s equal when the
output voltage of both the voltage converters 106 and 108 is
equal. This balances the SOH and/or SOC of each battery
pack. Once the discharge condition 1s no longer valid, the
discharge from the battery packs 110 and 112 stops.

The mnovative technology using dedicated voltage con-
verters for each battery pack to manage the battery pack
discharge ratio improves how power systems are designed
and operated for electronic devices. Uneven battery pack
decay 1s avoided, while the relative SOH and SOC of each
battery pack 1s maintained. Furthermore, because each bat-
tery pack discharge 1s controlled independently based on a
discharge ratio, one 1s able to use standard off-shelf battery
packs with different sizes, diflerent output voltages, diflerent
temperature requirements, different power requirements,
different geometry, different ages, and different manufactur-
ing tolerances (e.g. capacity tolerance). The different manu-
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facturing tolerance are provided by a battery pack manufac-
turer indicating a tolerance level for battery pack capacity.
This 1s cost-eflective because one does not have to develop
and use custom battery packs for meeting power require-
ments. This also lowers development time since ofl-the shelf
battery packs are easily available.

In one aspect, power management methods and systems
are provided for electronic devices. One method includes
identifying by a processor (e.g. microcontroller 120, FIG.
1A), a discharge condition of a first battery pack (e.g. 110)
of a battery system (e.g. 100 having at least the first battery
pack and a second battery pack (e.g. 112) to provide charge
to one or more components of an electronic device (e.g. 300,
FIG. 3); 1n response to the discharge condition, evaluating
by the processor, a plurality of parameters (e.g. using data
structure 124) associated with the first battery pack and the
second battery pack, the plurality of parameters are at least
indicative of one of a state of health and a state of charge of
the first battery pack and the second battery pack; determin-
ing by the processor, a discharge ratio for the first battery
pack and the second battery pack based on evaluation of the
plurality of parameters (e.g. using data structure 122), the
discharge ratio being indicative of a relative discharge rate
of the first battery pack and the second battery pack; and
discharging the first battery pack and the second battery pack
based on the discharge ratio, the discharge ratio controlled
by a first voltage controller (e.g. 106) coupled to an output
of the first battery pack and a second voltage controller (e.g.
108) coupled to the second battery pack.

In yet another aspect, another method includes storing a
data structure (e.g. 122, FIG. 1D) at a memory device by a
processor (e.g. 120, FIG. 1A), where the data structure 1s
configured to store a plurality of parameters used for deter-
mimng a discharge ratio of a first battery pack and a second
battery pack of a charging system of a device, the discharge
rat1o indicating a relative rate of discharge of the first battery
pack (e.g. 110, FIG. 1B) and the second battery pack (e.g.
112, FIG. 1B); detecting by the processor, a discharge
condition associated with at least one of the first battery pack
and the second battery pack; utilizing by the processor, the
data structure for determining the discharge ratio; and con-
trolling by the processor, based on the determined discharge
rat10, a discharge rate of the first battery pack using a first
voltage controller (e.g. 106, FIG. 1B) and a discharge rate of

the second battery pack using a second voltage controller

(e.g. 108, FIG. 1B).

Processing System: FIG. 3 1s a high-level block diagram
showing an example of the architecture of an electronic
device/system (referred to as device) 300 that may use BMS
100, described above 1n detail. As an example, device 300
can represent a computing device, a seat device, or any other
clectronic device. Note that certain standard and well-known
components which are not germane to the present aspects
are not shown i FIG. 3.

In one aspect, device 300 includes one or more processor
(s) 302 (similar to processor 126 of FIG. 1A) and memory
304, coupled to a bus system 305. The bus system 3035
shown 1n FIG. 3 1s an abstraction that represents any one or
more separate physical buses and/or point-to-point connec-
tions, connected by appropriate bridges, adapters and/or
controllers. The bus system 305, therefore, may include, for
example, a system bus, a Peripheral Component Intercon-
nect (PCI) bus, a HyperTransport or industry standard
architecture (ISA) bus, a small computer system 1nterface

(SCSI) bus, a universal serial bus (USB), I12C or an Institute
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of Electrical and Flectronics Engineers (IEEE) standard
1394 bus (sometimes referred to as “Firewire”) or any other
interconnect type.

The processor(s) 302 are the central processing units
(CPUs) of device 300 and, thus, control 1ts overall operation.
In certain aspects, the processors 302 accomplish this by
executing software stored in memory 304. A processor 302
may be, or may include, one or more programmable general-
purpose or special-purpose microprocessors, digital signal
processors (DSPs), programmable controllers, application
specific integrated circuits (ASICs), programmable logic
devices (PLDs), or the like, or a combination of such
devices.

Memory 304 represents any form of random access
memory (RAM), read-only memory (ROM), tlash memory,
or the like, or a combination of such devices. Memory 304
includes the main memory of the processing system 300.
Instructions 306 may be used to implement data structures
122 and 124 and/or the process steps of FIG. 2 described
above.

Also connected to the processors 302 through the bus
system 3035 are one or more internal mass storage devices
310, and a network interface 312. Internal mass storage
devices 310 may be, or may include any conventional
medium for storing large volumes of data in a non-volatile
manner, such as one or more magnetic or optical based disks,
flash memory, or solid-state drive.

The network mtertface 312 provides the processing system
300 with the ability to communicate with remote devices
(e.g., over a network) and may be, for example, an Ethernet
adapter or the like.

Device 300 also includes one or more mput/output (1/0)
device 308 coupled to the bus system 303. The I/O device
308 may include, for example, a display device, a keyboard,
a mouse, etc. The I/O device may be 1n the form of a handset
having one or more of the foregoing components, such as a
display with a real or virtual keyboard, buttons, and/or other
touch-sensitive surfaces.

It 1s noteworthy that although device 300 has been
described above using various components, the innovative
technology described above may be implemented 1n a device
that has more or fewer components than device 300. The
disclosure herein 1s not limited to any specific device and
can be implemented 1n any system that uses power and
processing logic. For example, the BMS system 100 may be
used to interface with solar panels. The solar panels may be
used to charge the battery packs. The mechanism described
above control the discharge ratio from the battery packs to
supply power when the solar panels are not generating
power. Furthermore, the BMS 100 may be used 1n an electric
car where a plurality of battery packs are used to power the
clectric car. The methods and systems disclosed above may
be used to control the discharge ratios of the battery packs.
In another aspect, although the foregoing disclosure has
been described using multiple battery packs, BMS 100 may
be used 1n a single battery pack with multiple cells.

Thus, methods and systems for efliciently managing dis-
charge ratio of a plurality of battery packs have been
described. Note that references throughout this specification
to “one aspect” (or “embodiment™) or “an aspect” mean that
a particular feature, structure or characteristic described 1n
connection with the aspect 1s included 1n at least one aspect
of the present disclosure. Therefore, 1t 1s emphasized and
should be appreciated that two or more references to “an
aspect” or “one aspect” or “an alternative aspect” 1n various
portions of this specification are not necessarily all referring
to the same aspect. Furthermore, the particular features,
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structures or characteristics being referred to may be com-
bined as suitable 1 one or more aspects of the disclosure, as
will be recogmized by those of ordinary skill 1n the art.

While the present disclosure 1s described above with
respect to what 1s currently considered 1ts preferred aspects,
it 1s to be understood that the disclosure 1s not limited to that
described above. To the contrary, the disclosure 1s intended
to cover various modifications and equivalent arrangements
within the spirit and scope of the appended claims.

What 1s claimed 1s:
1. A method, comprising:
identifying, by a processor, a discharge condition of a first
battery pack of a battery system having at least the first
battery pack and a second battery pack to provide
charge to one or more components of an electronic
device, the discharge condition defined by a specifica-
tion of the first battery pack and a battery type;
in response to 1dentitying the discharge condition, evalu-
ating, by the processor, a plurality of parameters asso-
ciated with the first battery pack and the second battery
pack; wherein the plurality of parameters are at least
indicative of a state of health and a state of charge of
the first battery pack and the second battery pack, the
state of health indicating health of the first battery pack
compared to an 1nitial state of the first battery pack and
health of the second battery pack compared to an maitial
state of the second battery pack; and the state of charge
1s a level of charge of the first battery pack relative to
its total capacity and a level of charge of the second
battery pack relative to 1ts total capacity;

determining, by the processor, a discharge ratio for the
first battery pack and the second battery pack based on
cvaluation of the plurality of parameters; wherein the
discharge ratio 1s indicative of a relative discharge rate
of the first battery pack and the second battery pack;

generating, by the processor, a command for a first
voltage converter of the first battery pack to adjust an
output of the first battery pack and for a second voltage
converter of the second battery pack to adjust an output
of the second battery pack to meet the discharge ratio
for balancing the state of health and the state of charge
of the first battery pack and the second battery pack;
and

in response to the command, discharging the first battery

pack and the second battery pack, wherein the dis-
charge ratio 1s controlled by the first voltage converter
by controlling the output of the first battery pack and
the second voltage converter, operating independent of
the first voltage converter, controlling the output of the
second battery pack.

2. The method of claim 1, wherein the first battery pack
and the second battery pack have diflerent ages.

3. The method of claim 1, wherein the first battery pack
and the second battery pack have different geometry.

4. The method of claim 1, wherein the first battery pack
and the second battery pack have different sizes.

5. The method of claim 1, wherein the processor uses a
data structure to look up the discharge ratio based on the
plurality of parameters.

6. The method of claim 5, wherein the data structure
stores the plurality of parameters that include a state of
health indicator, a state of charge value and a discharge
voltage value for the first battery pack and the second battery
pack.

7. The method of claim 1, wherein the first battery pack
and the second battery pack have diflerent power ratings.
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8. A non-transitory machine readable medium having
stored thereon instructions for performing a method com-
prising machine executable code which when executed by at
least one machine, causes the machine to:

identily a discharge condition of a first battery pack of a

battery system having at least the first battery pack and
a second battery pack to provide charge to one or more
components of an electronic device, the discharge
condition defined by a specification of the first battery
pack and a battery type;

in response to identifying the discharge condition, evalu-

ate a plurality of parameters associated with the first
battery pack and the second battery pack; wherein the
plurality of parameters are at least indicative of a state
of health and a state of charge of the first battery pack
and the second battery pack, the state of health 1ndi-
cating health of the first battery pack compared to an
initial state of the first battery pack and health of the
second battery pack compared to an 1nitial state of the
second battery pack; and the state of charge i1s a level
of charge of the first battery pack relative to 1its total
capacity and a level of charge of the second battery
pack relative to 1ts total capacity;

determine a discharge ratio for the first battery pack and

the second battery pack based on evaluation of the
plurality of parameters; wherein the discharge ratio 1s
indicative of a relative discharge rate of the first battery
pack and the second battery pack;

generate a command for a first voltage converter of the

first battery pack to adjust an output of the first battery
pack and for a second voltage converter of the second
battery pack to adjust an output of the second battery
pack to meet the discharge ratio for balancing the state
of health and the state of charge of the first battery pack
and the second battery pack; and

in response to the command, discharge the first battery

pack and the second battery pack, wherein the dis-
charge ratio 1s controlled by the first voltage converter
by controlling the output of the first battery pack and
the second voltage converter, operating independent of
the first voltage converter, controlling the output of the
second battery pack.

9. The non-transitory machine readable medium of claim
8, wherein the first battery pack and the second battery pack
have different ages.

10. The non-transitory machine readable medium of claim
8, wherein the first battery pack and the second battery pack
have different geometry.

11. The non-transitory machine readable medium of claim
8, wherein the first battery pack and the second battery pack
have different sizes.

12. The non-transitory machine readable medium of claim
8, wherein a data structure 1s used to look up the discharge
ratio based on the plurality of parameters.

13. The non-transitory machine readable medium of claim
12, wherein the data structure stores the plurality of param-
eters that include a state of health indicator, a state of charge
value and a discharge voltage value for the first battery pack
and the second battery pack.

14. The non-transitory machine readable medium of claim
8, wherein the first battery pack and the second battery pack
have different power ratings.

15. A method, comprising:

storing, by a processor, a data structure at a memory

device, wherein the data structure 1s configured to store
a plurality of parameters used for determining a dis-
charge ratio of a first battery pack and a second battery
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pack of a charging system of a device to balance a state using a first voltage converter and a discharge rate of
of health and a state of charge of the first battery pack the second battery pack using a second voltage con-
and the second battery pack, the discharge ratio indi- verter, the second voltage converter operating indepen-
cating a relative rate of discharge of the first battery dent of the first voltage converter.

pack and the second battery pack; wherein the state of 4
health indicates health of the first battery pack com-
pared to an imtial state of the first battery pack and

16. The method of claim 15, wherein the device i1s a
portable computing device.

health of the second battery pack compared to an initial 17. The method of claim 15, wherein the device is a seat
state of the second battery pack; and the state of charge device interfacing with an in-flight entertainment system of
indicates a level of charge of the first battery pack . an aircraft.
relative to its total capacity and a level of charge of the 18. The method of claim 15, wherein the first battery pack
second battery pack relative to 1ts total capacity and the second battery pack have diflerent ages.

detecting, by the processor, a discharge condition associ- 19. The method of claim 16, wherein the plurality of
ated with at least one of the first battery pack and the  parameters include a state of health indicator, a state of

second battery pack, the discharge condition defined by 15 charge value and a discharge voltage value.
a specification of the first battery pack and the second

battery pack and a battery type of the first battery pack
and the second battery pack;

utilizing, by the processor, the data structure for deter-
mining the discharge ratio; and

controlling, by the processor, based on the determined
discharge ratio, a discharge rate of the first battery pack I T T

20. The method of claim 15, wherein the first battery pack
and the second battery pack have diflerent power ratings.

21. The method of claim 1, wherein the first battery pack
and the second battery pack have different manufacturing
20 tolerance.
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